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Description 

The pres nt invention r lates to a method and 
device for the detection and classification of the 
crimpling of a surface treatment. 

More specifically, the present invention relates 
to a method and device which may be beneficially 
used for evaluating the aesthetic appearance of a 
sprayed vehicle body, making improvements to the 
paint spraying process so as to obtain perfect 
results, especially as far as the surface spread of 
the paint is concerned. 

As is well Itnown, an incomplete spread of the 
paint causes a medium-fine grained wrinkle on the 
surface, with random pitch and direction, resem- 
bling orange peel (and said wrinkle is often referred 
to using this name). 

At the present time, the detection and clas- 
sification of crimpling are performed manually by 
projecting, onto the surface under examination, lat- 
tices comprising light (white) bars and dark (black) 
bars in altemation and with decreasing pitch. When 
the observer notes that the paint crimpling distorts 
the image reflected by the surface under examina- 
tion so that two adjacent dark bars merge, the 
corresponding number of the lattice is considered 
as the spread value (which normally varies from 6 
to 20, where 20 represents a perfect reflection and 
therefore zero crimpling). 

The methods currently employed present 
drawbacks both from an operational point of view, 
in that all the operations are performed manually, 
and as regards the results otrtained, as the spread 
is attributed in a subjective manner. 

It is also known from the document US-A-4 682 
041 a device for measuring the coating quality of a 
coated surface, where a t>eam reflected from a 
plurality of areas under examination is detected. 
Therein either the variance value or the average 
peak value of the detected areas are calculated 
with respect to the values of a reference portion. 
The calculated values are finally classified accord- 
ing to recorded values of predetermined ranks. 

It is the object of the present invention is to 
provide a method for the classification of the crim- 
pling of a surface treatment and a device operating 
on the basis of this method, which overcome the 
drawbacks of current methods and devices set 
forth above. 

According to the present invention there is 
provided a method for the detection and classifica- 
tion of the crimpling of a surface treatment, com- 
prising, in order, the steps of: 
illuminating an area to be examined by means of a 
luminous beam essentially comprising a plurality of 
light areas alternated with dark areas and prefer- 
ably with clearcut edges between the respective 
adjacent areas; 


detecting a beam reflected by said ar a under 
examination using image detector means adapted 
to scan said area so as to obtain an alternating 
electrical signal for the pixels of the image on 

5 detection of said dark and light areas: 
characterized by the following steps: 
calculating the gradient of said electrical signal as 
the absolute value of the amplitude difference of 
nearby pixels of said electrical signals; 

70 generating a diagram of the number of pixels hav- 
ing the calculated values of gradient; and 
comparing the values of the diagram, obtained at 
the end of an inspection of said area under exami- 
nation, with preset reference values. 

»5 The present invention also relates to a device 

for the detection and classification of the crimpling 
of a surface treatment, comprising illuminating 
means adapted to illuminate an area to be exam- 
ined of said surface by means of a luminous beam 

20 essentially comprising a plurality of light areas al- 
ternated with 6aik areas and with clearcut edges 
between the respective adjacent areas, image de- 
tector means for scanning said area so as to obtain 
an alternating electrical signal for the pixels of the 

25 image on detection of said dark and light areas, 

characterized by calculating means for calculating 
the gradient of said electrical signal as the absolute 
value of the amplitude difference of nearby pixels 
of said electrical signals; 

30 diagram generating means for generating a dia- 
gram of the number of pixels having the calculated 
values of gradient; and 

comparing means for comparing the values of the 
diagram, obtained at the end of an inspection of 
35 said area under examination, with preset reference 
values. 

The present invention will be described by way 
of a preferred embodiment with reference to the 
accompanying diagrams, in which: 
40 FIGURE 1 is a schematic diagram of a device 
for the detection and classification of the crim- 
pling of a surface treatment designed in accor- 
dance with the present invention; 
FIGURES 2, 3 and 4 illustrate the progression of 
45 some signals detected or calculated by the de- 
vice shown in FIGURE 1 in three different op- 
erating conditions; 

FIGURES 5, 6 and 7 are graphic representations 
obtained using the device shown in FIGURE 1 
so and referring to the operating conditions illus- 
trated, respectively, in FIGURES 2, 3 and 4; and 
FIGURE 8 shows an example, on an enlarged 
scale, of a possible operating condition that may 
arise during the use of the device shown in 
55 FIGURE 1. 

With particular reference to FIGURE 1, the 
numeral 1 indicates a device for performing the 
detection and classification of the crimpling of a 


2 


3 


EP 0 374 977 B1 


surfac treatment. More specifically, devic 1 may 
be beneficially used for the detection and clas- 
sification of the crimpling of a layer 2 of paint 
deposited on a surface of a metal sheet 3 constitut- 
ing the outermost part of a vehicle bodywork, for 
example, of a motorcar. 

Device 1 is of the type comprising illuminating 
means 5 adapted to illuminate an area 6 to be 
examined of the surface of layer 2 by means of a 
luminous beam 7 essentially comprising a plurality 
of light areas alternated with dark areas and with 
clearcut edges t>etween the respective adjacent 
areas. 

Said means 5 essentially comprise a light 
source 10 and a screen 11 displaying a plurality of 
opaque t)ars 12 alternated with transparent bars 13. 
In order to use device 1 correctly, source 10 and 
screen 1 1 should be set so that onto a surface of 
layer 2 of paint is reflected a lattice consisting of 
light and dark areas with clearcut adjacent edges. 

In accordance with the present invention, de- 
vice 1 comprises: 

image detector means 15 adapted to explore area 
6 of layer 2 by scanning, so as to obtain an 
alternate electrical signal on subsequent detection 
of the light and dark areas of said lattice; and 
calculating means 16 which execute a mathemat- 
ical calculation of the gradient of the signal gen- 
erated by image detector means 1 5. 

Image detector means 15 preferably comprise 
a telecamera set directly opposite source 10 and 
positioned so that the frame shows the area of 
incidence of beam 7. 

The scan lines of telecamera 15 should be set 
perpendicular to the lattice bars projected on the 
surface of area 6 of layer 2; nevertheless, the 
method explained in the present invention and de- 
scribed subsequently provides for any setting be- 
tween said telecamera and lattice, provided that it 
Is set in a symmetrical, specular position. 

The angle of incidence, indicated by the letter 
A, made by beam 7 with the surface of layer 2 is 
not fixed; for example, it could be 45 ° . 

Device 1 also comprises comparing means 17 
which carry out a comparative analysis of the barg- 
raphs obtained at the end of an inspection of area 
6 under examination, with preset reference values. 

Calculating means 16 and comparing means 

17 together form a video signal processing system 

18 equipped with an output which directly supplies 
a display device 19 which may comprise, for exam- 
ple, a monitor and/or a printer (not illustrated). 

■ FIGURES 2a, 3a and 4a show three different 
Instances of reflection of luminous beam 7 by area 
6 under examination, caused by three different 
degrees of crimpling (zero, medium, high) of the 
surface of layer 2 of paint. In said cases, 
telecamera 15 generates, during scanning said sur- 


face performed using a scan line indicated by the 
letter S, three different electrical signals (FIGURES 
2b, 3b, 4b), whose the absolute gradient value, 
calculated by calculating m ans 16. is given in 

5 FIGURES 2c, 2b, 2c, respectively. Scanning of the 
surface of area 6 by telecamera 15 should ideally 
be performed along lines which, as stated above, 
are set perpendicular to bars 12, 13 projected onto 
the surface of area 6. 

70 FIGURES 5, 6 and 7 show the gradient/number 

of pixels bargraphs conveniently displayed on de- 
vice 19 and obtained by means of processing 
system 18, on the output signal generated by 
telecamera 15. with reference to FIGURES 2, 3 and 

15 4, respectively. 

The gradient was calculated as an absolute 
value of the difference in amplitude of the video 
signal of nearby pixels of telecamera 15, and the 
maximum value reached is indicated by GO, G1 

20 and G2, respectively, in FIGURES 5. 6 and 7. 

We should like to point out that the graphic 
representations shown in FIGURES 5, 6 and 7 are 
true examples and are thus affected by the noise 
created during the acquisition and subsequent pro- 
as cessing of the. optical signal by telecamera 15 and 
processing system 18. 

Finally, FIGURE shows the path of an elemen- 
tary portion P of light source 10 illuminating a 
respective portion P* of area 6, and is focused on a 

30 corresponding portion P" of the image plane of 
telecamera 15, by means of a focusing lens 20. 
Any disturbance, indicated by N', on a crimped 
surface of paint, causes luminous beam 7 to be 
reflected into an area N' of the image plane of 

3S telecamera 15, in a position out of focus with 
portion P*. 

n can clearly be seen that the data obtained 
using device 1 are little affected by concomitant, 
dotted superficial defects, as these defects are 
40 reflected totally out of focus and as detection is of 
a statistical type, based on a large number of 
pixels. 

The method put forward in the present inven- 
tion for the detection and classification of the crim- 
45 pling of a surface treatment essentially comprises 
the following operations: 

illumination of area 6 by luminous beam 7 essen- 
tially comprising a plurality of light areas alternated 
with dark areas and preferably with clearcut edges 

so between the respective adjacent areas: 

detection of the beam reflected by area 6 by 
means of image detecting means 15, which scan 
area 6 so as to obtain an alternate electrical signal 
on subsequent detection of said light and dark 

55 areas; 

execution, by means 16, of a mathematical calcula- 
tion of the gradient and corresponding number of 
pixels of said signal generat d by image detecting 
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means 15, and drawing of a gradient/number of 

pixels bargraph; ■ 

xecution, by comparing means 17, of a compara- 
tive analysis of the bargraph, obtained at the nd of 
an inspection of area 6, with preset reference vai- 
ues. 

According to the type of paint surface crim- 
pling, at the end of the inspection of the surface 
under examination, different bargraphs are ob- 
tained, as is shown, for example, in FIGURES 5. 6 
and 7. A study of the values obtained (GO, G1 and 
G2) provides an indication of the crimpling, which 
increases as the value calculated for the respective 
gradient on the graph decreases. For example, a 
severely crimped surface causes, along the edges 
between the dark and light areas, a gradual merg- 
ing of these areas with a gradient which tends 
towards zero. 

As far as the dimensions are concerned, the 
maximum width of bars 12 and 13 forming the 
lattice, irrespective of their position with respect to 
telecamera 15. is that defined by the optic lever 
represented by the maximum angle of inclination of 
the elementary portions constituting the crimped 
surface of layer 2. and by the distance between 
source 10 and the actual surface of layer 2. The 
maximum inclination considered must not permit 
the reflection, by said elementary portions of layer 
2, of different tiars of the same type (dark or light). 
The number of bars contained in the lattice dis- 
played on screen 11, respecting the minimum di- 
mensions established on the basis of the consider- 
ation set forth above, has no limits, provided that it 
does not prevent a valid statistical calculation from 
being made. 

The classification of crimpling could be per- 
formed in the following way: first of all, the diagram 
obtained at the end of scanning the surface under 
examination (FIGURES 5, 6 and 7) may be sub- 
divided into various parts and the corresponding 
spread value defined on the basis of previously 
prepared samples. The number of pixels in each of 
these parts should also be taken into account: if 
this number is lower than the preset minimum, the 
spread value to be considered is the first, moving 
from the right-hand side of the diagram to the left- 
hand side, that exceeds said minimum. 

From the examination of the features of the 
present invention, it can clearly be observed that 
the method and device presented offer numerous 
advantages. 

Rrst of all, this crimpling measurement is to- 
tally automatic and thus does not involve subjective 
assessments made by the operator, nor does it 
depend on the colour of the paint under examina- 
tion. 

Concomitant and dotted surface defects do not 
falsify the measurement as they are reproduced 


completely out of focus on the image plane of 
tel camera 15. 

Any curv s or inaccuracies on the lattice, or 
imprecise focusing do not affect the results of ttie 

5 measurements (the scale can be r set), and a wide 
range of distances between the telecamera and the 
area under examination are possible, keeping the 
diaphragm of the telecamera lens slightly open. 
It was observed that, using inclined lattices, it 

10 is also possible to distinguish crimpling not ori- 
ented in a random fashion, and to detect a maxi- 
mum crimpling value even with orientations defined 
using peculiarly conformed lattices, such as curves 
or concentric rings. If a projection with relative 

75 motion is to be effected between the area under 
examination and device 1, use may be made of a 
light source 10 that provides an intermittent lu- 
minous beam appropriately synchronized with the 
image filming means. 

20 Modifications may be made to the method and 
the device set forth above, without exceeding the 
scope of the present Invention. 

For example, the method set forth above, 
though developped as a way of detecting and 

25 classifying the crimpling of the paint on a motorcar 
bodywork, may also be used to great advantage for 
performing similar tasks on any other type of sur- 
face treatment. 

30 Claims 

1. A method for the detection and classification of 
the crimpling of a surface treatment, compris- 
ing, in order, the steps of: 

35 illuminating an area to be examined by means 

of a luminous beam essentially comprising a 
plurality of light areas altemated with datk 
areas and preferably with clearcut edges be- 
tween the respective adjacent areas; 

40 detecting a beam reflected by said area under 
examination using image detector means 
adapted to scan said area so as to obtain an 
alternating electrical signal for the pixels of the 
image on detection of said dark and light 

45 areas; 

characterized by the following steps: 
calculating the gradient of said electrical signal 
as the absolute value of the amplitude dif- 
ference of nearby pixels of said electrical sig- 

50 nals; 

generating a diagram of the number of pixels 
having the calculated values of gradient; and 
comparing the values of the diagram, obtained 
at the end of an inspection of said area under 

55 examination, with preset reference values. 

2. A method as climed in claim 1, characterized 
in that it comprises the displaying of the values 
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calculated for said gradients so as to obtain, at 
the end of scansion of said ar a under xami- 
nation. a diagram in which the values cal- 
culated for said gradients ar indicated in rela- 
tion to the numtier of pixels of said image 
detectors; said diagram being subdivided into 
various parts each defining, by comparison 
with previously prepared samples, a corre- 
sponding spread value. 

3. A method as claimed in claim 1 or 2, char- 
acterized in that the illumination of said area 
under examination is performed using an inter- 
mittent luminous beam. 

4. A method as claimed in any of the previous 
claims, characterized in that it comprising rela- 
tive maneouvring of said luminous beam and 
image detecting means in relation to said area 
under examination. 

5. A device for the detection and classification of 
the crimpling of a surface treatment, compris- 
ing illuminating means (5) adapted to illuminate 
an area (6) to be examined of said surface by 
means of a luminous beam (7) essentially 
comprising a plurality of light areas alternated 
with dark areas and with clearcut edges be- 
tween the respective adjacent areas, image 
detector means (15) for scanning said area (6) 
so as to obtain an alternating electrical signal 
for the pixels of the image on detection of said 
dark and light areas, 

characterized by calculating means (16) for 
calculating the gradient of said electrical signal 
as the absolute value of the amplitude dif- 
ference of nearby pixels of said electrical sig- 
nals; 

diagram generating means for generating a 
diagram of the number of pixels having the 
calculated values of gradient; and 
comparing means (17) for comparing the val- 
ues of the diagram, obtained at the end of an 
inspection of said area under examination, with 
preset reference values. 

6. A device as claimed in claim 5, characterized 
in that said illuminating means (5) comprise a 
light source (10) and a screen (11) equipped 
with a plurality of opaque portions (12), al- 
ternated with transparent portions. 

7. A device as claimed in claim 6, characterized 
in that said opaque and transparent portions 
(13, 12) are essentially straight. 

8. A device as claimed in claim 6, characterized 
in that said opaque and transparent portions 


(13. 12) ar curv d. 

9. A device as claimed In claim 8. characterized 
in that said curved portions ar ssentially 

5 annular and concentric. 

10. A device as claimed in any of claims 5 to 9. 
characterized in that said opaque and transpar- 
ent portions have essentially the same width. 

10 

11. A device as claimed in any of claims 5 to 10, 
characterized in that said opaque and transpar- 
ent portions (13, 12) form a lattice and the 
minimum width of which is defined by the 

75 optical lever represented by the maximum an- 

gle of inclination of elementary portions for- 
ming the crimpled surface of said area (6) 
under examination and by the distance be- 
tween said light source (10) and the surface of 

20 said area (6), so that the maximum inclination 
considered does not cause reflection, by said 
elementary portions of said area (6), of opaque 
or transparent portions of the same type. 

25 12. A device as claimed in any of claims 5 to 11, 
characterized in that said image detecting 
means comprise at least one telecamera (1 5). 

Patentansprii che 

30 

1. Verfahren zum Erfassen und Klassifizieren der 
Welligkeit einer OberfiSchenbehandlung. wel- 
ches nacheinander die folgenden Schritte um- 
faBt: 

35 Beleuchten eines zu pri}fenden Bereiches 

mittels eines StrahlenbUndels, das im wesentli- 
chen mehrere helle Bereiche im Wechsel mit 
dunklen Bereichen und vorzugsweise mit 
scharfen Kanten zwischen jeweils benachbar- 

40 ten Bereichen umfaBt, 

Erfassen eines durch den geprOften Be- 
reich reflektierten StrahlenbUndels unter Ver- 
wendung einer Bilddetektor-Einrichtung, die 
den Bereich abtasten kann, so daB ein elektri- 

45 sches Wechselsignal fur die Bildpunkte des 

Bildes beim Erfassen der dunklen und hellen 
Bereiche erhalten wird, gekennzeichnet durch 
die folgenden Schritte: 

Berechnen des Gradienten des elektri- 

50 schen Signals als Absolutwert der Amplituden- 

differenz naheliegender Bildpunkte der elektri- 
schen Signale. 

Erzeugen eines Oiagramms der Anzahl 
von Bildpunkten mit den berechneten Werten 

55 des Gradienten und 

Vergleichen der Werte des Diagramms. 
das am Ende der Untersuchung des geprtiften 
Bereiches ertialten wird, mit vorgegebenen Be- 
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zugswerten. 

V rfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dafi es das Anzeigen der fOr die 
Gradienten berechneten Werte umfaBt, urn am s 
Ende der Abtastung des gepruften Bsreiches 
ein Diagramm zu ertialten, in dem die fur die 
Gradienten bereclineten Werte bezOglich der 
Anzahl der Biidpunkte der Bilddetektoren an- 
gegeben sind, wobei das Diagramm in ver- io 
schiedene Teile unterteilt wird, von denen je- 
der durch Vergleich mit vorher gebildeten Pro- 
bewerten einen entsprechenden Verteilungs- 
wert bestimmt. 

T5 

Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daS die Beleuchtung des ge- 
prOften Bereiches unter Verwendung eines un- 
terbrochenen StrahlenbUndels erfolgt. 

20 

Verfahren nach einem der vorhergehenden An- 
sprUche, dadurch gekennzeichnet, daB es die 
relative Bewegung des StrahlenbUndels und 
der Bilddetektor-Elnrichtung bezuglich des ge- 
pruften Bereiches umfaBt. 25 

Vorrichtung zum Erfassen und Klassifizieren 
der Welligkeit einer Oberflachenbehandlung 
mit einer Beleuchtungseinrlchtung (5), die ei- 
nen zu prOfenden Bereich (6) der Oberflache 30 
mit einem Strahlenbundel (7) beleuchten kann, 
das im wesentlichen mehrere helle Bereiche 
im Wechsel mit dunklen Bereichen und mit 
scharfen Kanten zwischen jeweils benachbar- 
ten Bereichen umfaBt, und einer Bilddetektor- 35 
Einrichtung (15) zum Abtasten des Bereiches 
(6), urn ein elektrisches Wechselsignal fQr die 
Biidpunkte des Bildes beim Erfassen der dunk- 
len und hellen Bereiche zu erhalten, gekenn- 
zeichnet durch eine Recheneinrichtung (16) 40 
zum Berechnen des Gradienten des elektri- 
schen Signals als Absolutwert der Amplituden- 
differenz von naheliegenden Bildpunkten der 
elektrischen Signale, 

eine ein Diagramm erzeugende Einrich- 45 
tung zum Erzeugen eines Diagramms der An- 
zahl der Biidpunkte mit den berechneten Wer- 
ten des Gradienten und 

eine Vergleichseinrichtung (1^ zum ver- 
gleichen der Werte des Diagramms, das am so 
Ende der Untersuchung des gepruften Berei- 
ches erhalten wird, mit vorgegebenen Bezugs- 
werten. 

Vorrichtung nach Anspruch 5, dadurch gekenn- 55 
zeichnet, daB die Beleuchtungseinrichtung (5) 
eine Lichtquelle (10) und einen Schirm (11) 
umfaBt der mH mehreren iichtundurchlassigen 


T ilen (12) im Wechs I mit lichtdurchiassigen 
Teilen versehen ist. 

7. Von-ichtung nach Anspruch 6, dadurch gekenn- 
zeichnet daB die lichtundurchlassig n und die 
iichtdurchlassigen Teile (13, 12) im wesentli- 
chen geradlinig sind. 

a Von-ichtung nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die lichtundurchlSssigen und die 
Iichtdurchlassigen Teile (13, 12) gekriimmt 
sind. 

9. Vorrichtung nach Anspruch 8, dadurch gekenn- 
zeichnet, daB die gekrummten Teile im we- 
sentlichen ringformig und konzentrisch sind. 

10. Vorrichtung nach einem der Anspriiche 5 - 9, 
dadurch gekennzeichnet daB die lichtundurch- 
lSssigen und die Iichtdurchlassigen Teile im 
wesentlichen die gleiche Breite haben. 

11. Vonichtung nach einem der AnsprOche 5 - 10, 
dadurch gekennzeichnet daB die Iichtundurch- 
lassigen und die Iichtdurchlassigen Teile (13, 
12) ein Gitter bilden, dessen minimale Breite 
durch das Optimeter bestimmt ist, das durch 
den maximalen Neigungswinkel von elementa- 
ren Teilen, die die wellige Oberflache des ge- 
pruften Bereiches (6) bilden, und den Abstand 
zwischen der Lichtquelle (10) und der Oberfla- 
che des Bereiches (6) bestimmt ist so daB die 
maximale betrachtete Neigung nicht dazu 
fUhrt, daB durch die eiementaren Teile des 
Bereiches (6) lichtundurchlassige Oder licht- 
durchlSssige Teile derselben Art reflektiert 
werden. 

12. Vorrichtung nach einem der Anspruche 5-11, 
dadurch gekennzeichnet, daB die Bilddetektor- 
Einrichtung wenigstens eine Fernsehkamera 
(15) umfaBt. 

Revendications 

1. M^thode pour la detection et la classification 
du froncement d'une surface traitee, compre- 
nant dans I'ordre, les Stapes de : 

4clairage d'une surface li examiner, au 
moyen d'un faisceau lumineux comprenant es- 
sentiellement une pluralite de zones lumineu- 
ses altern^es avec des zones sombres et de 
pr^fSrence avec des bords dScoupSs entre les 
zones adjacentes respectives : 

detection d'un faisceau r^flechi par ladite 
surface en examen, au moyen d'un detecteur 
d'image congu pour balayer ladite surface de 
fagon a obtenir un signal ^lectrique aiternatif 
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pour I s pix Is de I'image lors de la detection 
desdites zones sombres et lumineus s ; carac- 
t^ris^e par les Stapes suivantes : 

calcul du gradient dudit signal ^lectrlqu 
comme ^tant la valour absolue de la difference s 
d'amplltude de pixels contigus desdtts signaux 
electriques ; 

generation d'un diagramme du nombre de 
pixels ayant les valeurs de gradient calcuiees ; 
et 10 

comparalson das valeurs du diagramme, 
obtenu a la fin d'une inspection de ladite surfa- 
ce en examen, avec des valeurs de reference 
predetennlnees. 

T5 

2. Methode suivant la revendicatlon 1, caracteri- 
see en ce qu'elle comprend I'affichage des 
valeurs calcul^es pour lesdits gradients de fa- 
gon ^ obtenir, a la fin de I'analyse de ladite 
surface en examen, un diagramme dans lequel 20 
les valeurs calcul^es pour lesdits gradients 
sont indiquSes en relation au nombre de pixels 
desdits dStecteurs d'image ; ledit diagramme 
etant subdivise en diverses parties definlssant 
chacune, par comparalson avec des echantil- 25 
Ions prScedement pripar^s, une valeur d'etale- 
ment correspondante. 

3. Methode suivant la revendicatlon 1 ou 2, ca- 
racterisee en ce que I'eclairage de ladite surfa- 30 
ce en examen est effectue au moyen d'un 
faisceau lumineux intermittent. 

4. Methode suivant une quelconque des revendi- 
cations prec§dentes, caracteris^e en ce qu'elle 3S 
comprend le deplacement relatif dudIt faisceau 
lumineux et des moyens de detection d'image 

par rapport a ladite surface en examen. 

5. Dispositif pour la detection et la classification 40 
du froncement d'une surface traitee, compre- 
nant des moyens d'eclalrage (5) prevus pour 
edairer une region (6) a examiner de ladite 
surface au moyen d'un faisceau lumineux (7) 
comprenant essentiellement une pluralite de 45 
zones lumineuses alternant avec des zones 
sombres, les bords entre les zones adjacentes 
respectives etant decoupes, des moyens de 
detection d'image (15) pour balayer ladite re- 
gion (6) de fagon h obtenir un signal eiectrlque so 
alternatif pour les pixels de I'image lors de la 
detection desdites zones sombres et lumineu- 
ses, 

caracterise en ce qu'il comprend 

des moyens de calcul (16) pour calculer le ss 
gradient dudit signal electrique comme etant la 
valeur absolue de la difference d'amplitude de 
pixels contigus desdits signaux electriques ; 
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des moyens de generation de diagramme 
pour engendr r un diagramme du nombr de 
pixels ayant les valeurs de gradient calcuiees ; 
et 

des moyens de comparalson (17) pour 
comparer les valeurs du diagramme, obtenu a 
la fin d'une inspection de ladite region en 
examen, avec des valeurs de reference prede- 

terminees. 

6. Dispositif suivant la revendicatlon 5, caracteri- 
se en ce que lesdits moyens d'eclairage (5) 
comprennent une source de lumi§re (10) et un 
ecran (11) equipe d'une pluralite de parties 
opaques (12) en altemance avec des parties 
transparentes. 

7. Dispositif suivant la revendication 6, caracteri- 
se en ce que lesdites parties opaques et trans- 
parentes (13,12) sont essentiellement rectili- 
gnes. 

a Dispositif suivant la revendication 6, caracteri- 
se en ce que lesdites parties opaques et trans- 
parentes (13,12) sont courbes. 

9. Dispositif suivant la revendication 8, caracteri- 
se en ce que lesdites courbes sont sensible- 
ment annulaires et concentriques. 

10. Dispositif suivant une quelconque des revendi- 
cations 5^9, caracterise en ce que lesdites 
parties opaques et transparentes ont sensible- 
ment la meme largeur. 

11. Dispositif suivant une quelconque des revendi- 
cations 5 & 10, caracterise en ce que lesdites 
parties opaques et transparentes (13,12) tor- 
ment une grille dont la largeur minimale est 
detlnie par le levier optique represent^ par 
Tangle maximal d'inclinaison de parties eie- 
mentaires formant la surface froncee de ladite 
region (6) en examen et par la distance entre 
ladite source de lumiere (10) et la surface de 
ladite region (6), de sorte que I'inclinaison 
maximale consideree n'engendre pas de re- 
flexion, par lesdites parties elementalres de 
ladite region (6), de parties opaques ou trans- 
parentes du m§me type. 

12. Dispositif suivant une quelconque des revendl- 
cations 5 a 9, caracterise en ce que lesdits 
moyens de detection d'image comprennent au 
moins une teiecamera (15). 
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